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I - SYSTEMS STUDIES ACTIVITIES 
( A )  Model of Program Objectives 
In the course of investigating the consequences of truncatinq the 
neqative binomial distribution appearing i n  the work of  Saqan and Coleman, 
i t  was found t h a t  their infinite model did not  yield a conservative 
estimate for the probability, Pc, t h a t  a spacecraft be steri le.  
the required probabi l i ty  i n  finite cases may be many orders of maqnitude 
smaller t h a n  t ha t  required when assuming infinitely many missions may be 
T h a t  is ,  
sent t o  the planet in question. This raises some question as t o  the use 
of an infinite model. 
On the other hand,  the truncated model exhibits an extremely sensitive 
relationship between, Pc, and Ps, the p robab i l i t y  of individual mission 
success. (See, "A Model for Planetary Quarantine Requirements", E.J.Sherry, 
C. A. T r a u t h ,  Jr., Sandia Laboratory Research Report, SC-RR-66-588). T h i s  
sensitivity is so severe t h a t  i t  i s  intuitively unreasonable. 
Work i s  now underway t o  develop a model w h i c h  accounts for  bo th  primary 
objectives, experimental success and non-contamination, while a t  the same 
time lacking the aforementioned sensitivity. Several possible approaches 
are now being investigated. 
( B )  Sterilization Models 
The basic assumption o f  t h e  modeling done so f a r  is tha t  the microbial 
death rate a t  a given time t i s  proportional t o  the population times a factor 
accounting for the damage suffered by the popula t ion  after exposure t o  the 
lethal heat environment. 
The model resulting from this approach i s  given by 
Y ' ( t )  = Y ( t )  lt K(s,t)y(s)ds ( 1 )  
0 
where y ( t )  i s  the expected population a t  time t ,  y ' ( t )  the death rate of 
this population, and K(s,t) the  damage kernel. 
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In comparison, the usual exponenti a1 model yields 
implying a constant damage factor. 
In order t o  avoid a data f i t t i n g  approach, certain physical assumptions 
were made reqarding the probable causes of death, these causes were related 
t o  the damage kernel K(s,t), and a solution, y ( t ) ,  obtained i n  this way 
was then compared w i t h  existing data. 
First, i t  was assumed that  death resul ts  from a chemical reaction of the 
form AZB, c being the reaction rate ,  and then for  a f irst  order reaction 
where d is a parameter, .and f o r  a second order reaction, 
Using some of Silverman's data a t  12OoC ( F i g s . l , 2 )  and l0SoC(Figs.3,4) , 
the parameters c and d were calculated fo r  both orders of reactions. 
In both cases, the Arrhenius equation (which i s ,  i t s e l f ,  a chemical reaction 
equation) was used i n  combination w i t h  equation (1)  t o  predict  the resul ts  
a t  135OC. 
is shown i n  Figures 1 and 2 (denoted "Predicted"). 
A comparison o f  these predictions w i t h  Silverman's d a t a  a t  135OC 
Research is  continuing i n  this area w i t h  the assumption of somewhat more 
complex chemical reactions. 
solutions to  equation (1) have nonlinear character is t ics  not unlike some 
o f  the data obtained by Angelotti. 
Under such assumptions i t  now appears tha t  
A preliminary report i s  beinq prepared. 
( C )  Program Analysis and Planning 
A document i s  beinq prepared which describes a theory o f  program analysis 
and planning being used w i t h i n  this organization. Basically, the theory 
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consis ts  of a he i rarchy o f  object ives i n t e r r e l a t e d  w i t h  q u a n t i t a t i v e  
models whenever possible. 
promises a more complete view o f  a program than does the approach which 
i s o l a t e s  a problem and analyzes i t  in tense ly  wi thout  discover inq how the  
problem may a f fec t ,  o r  be af fected by, other  fac to rs  i n  the  program. 
This approach, wh i l e  somewhat complicated, 
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I1 - SYSTEMS SUPPORT ACTIVITIES 
( A )  Vacuum Probe Development 
During the l a s t  quarter work has continued on the development and tes t inq 
of a vacuum probe t o  be used as an implement for  the bacterial assay of 
"worst case'' models and, perhaps, space .  hardware. 
the probes have been constructed o f  teflon i n  order t ha t  they may be used 
The  l a t e s t  versions of 
on del icate  or  polished surfaces w i t h o u t  the danger of scratching the surface. 
W i t h  the advent of the teflon probe t i p ,  the percentaqe o f  microorganisms 
which can be removed from a smooth, dry surface has been improved considerably. 
T h i s  removal percentage is  consistently bet ter  than 90% when loading a l l  
types of smooth, dry surfaces w i t h  dry Bacillus sub t i l i s  var. niger spores, 
both water and ethel alcohol suspensions of Bacillus subtil is  var. niqer 
spores, s k i n  f lakes,  o r  so i l  spores. 
The vacuum probe seems to  have other very desirable characterist ics 
other than i ts  ab i l i t y  to  remove bacteria from surfaces. 
t e r i s t i c s  i s  t h a t  of breaking up  clumps of organisms i n t o  sinqle ce l l s  (or 
a t  l e a s t  smaller clumps) by a h igh  velocity a i r  j e t .  T h i s  enables one to  
get a much bet ter  estimate of the total  number of bacteria on a surface. 
One of these charac- 
The majority of the work being done on the probe system a t  this time 
involves determining the best sampling device to  be used w i t h  the probe. 
One model receiving major attention uses an incorporation of the teflon probe 
and a membrane f i l t e r  housing and f i l t e r .  
be used i n  sampling many configurations of surfaces fo r  bacterial  spores. 
T h i s  model i s  very mobile and can 
I t  i s  also very convenient since the en t i re  assembly can be very easi ly  
s t e r i l i zed  and since no aqar o r  containers containinq agar are  needed i n  the 
vicini ty  o f  the surface which i s  t o  be sampled. Other sampling devices are 
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a lso  being tested i n  conjunct ion w i t h  the probe t o  determine t h e i r  areas of 
mer i t .  A pre l iminary repo r t  o f  the probe development i s  now beinq prepared 
and w i l l  be publ ished i n  ea r l y  February 1967. 
(B)  .Fine P a r t i c l e  Physics Studies 
A study i s  underway t o  determine the nature o f  bac te r ia l  deposi t ion on 
d i f f e r e n t  surface conf igurat ions wh i le  i n  a laminar a i r  f low clean room. 
The outcome o f  t h i s  study w i l l  be combined w i t h  other  in format ion t o  
determine a "worst-case" model f o r  bac te r ia l  c o l l e c t i o n  w i t h i n  a laminar-flow 
c l  ean room environment . 
Studies t o  determine the microbia l  p r o f i l e  o f  a laminar downflow surg ica l  
theater  have been continued. A i r  sampling r e s u l t s  i nd i ca te  a low leve l  of 
a i rborne v iab le  p a r t i c l e  contamination (0.00 t o  0.2 per cubic f o o t  o f  a i r )  
a t  the  wound s i t e .  Airborne microbial  contamination l eve l s  beneath the 
operat ing tab le  and on the  f l oo r  a t  the head of the  tab le  were somewhat h iqher  
(0.1 t o  6.0 v iab le  p a r t i c l e s  per cubic foot  o f  a i r ) .  Presently, the i so la ted  
organisms are being i d e n t i f i e d  by a combinatorial analys is  system. The 
sampling studies w i l l  be continued i n  the laminar down f low surg ica l  theater  
and a lso  w i l l  be expanded t o  include a conventional room i n  the  same surg ica l  
su i te .  
( C )  Contamination Control Study (NASA Contract H-13245A) 
The contract  provides f o r  c o l l  ec t i ng  and eval u a t i  ng avai 1 able informa- 
t i o n  on contamination cont ro l  
accuracy and completeness o f  informat ion and data; and organiz ing the informa- 
t i o n  i n t o  a document f o r  use by Desiqn and Manufacturinq Enqineers. 
performing necessary research t o  assure 
The object ives o f  the  studies are t o  ob ta in  s u f f i c i e n t  background 
in format ion and data t o  formulate guidel ines t o  a i d  engineers i n :  
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1. 
2. 
3. 
4. 
6. 
Progress 
1. 
2. 
3. 
4. 
5 .  
desiqning product w i t h  a minimum r e a l i s t i c  need f o r  contamination 
cont ro l  , 
designinq product t o  f a c i l i t a t e  decontamination (cleaninq, e tc .  ) 
determininq more r e a l i s t i c  and economic c leanl iness l e v e l  requi re-  
ments f o r  product (as opposed t o  "make i t  as clean as possible") ,  
desiqning product such tha t  i t  generates a minimum amount of 
contamination contro l ,  and 
developing e f f e c t i v e  c leaninq and o ther  decontamination processes 
i n  shor te r  time, etc.  
Durinq the Quarter Include: 
Development of a model ( i n  o u t l i n e  form) f o r  the  qeneral f i e l d  of 
contamination cont ro l  t o  r e l a t e  sources o f  contamination, methods 
of de tec t ing  contamination, and methods o f  contamination removal 
t o  s p e c i f i c  contaminant types and the  contaminated environments 
( a i r ,  parts,  surfaces, etc.). 
The preparat ion o f  a prel iminary,  general o u t l i n e  o f  in format ion 
t o  be studied. 
A request f o r  a re t rospect ive and continuous search of 1 i tera ture  
( journa ls  and repor ts )  from the Un ivers i ty  of New Mexico Technology 
Appl icat ions Center. The request was made through the Sandia 
Corporation L ib rary  and was based upon key words taken from the 
pre l im inary  o u t l i n e  mentioned above and from the  model f o r  contamin- 
a t i o n  contro l .  
Obtaining l i t e r a t u r e  ( inc lud ing  some books from the  l i b r a r y )  
r e l a t i v e  t o  monitor inq and cleaninq. 
Continuation o f  cataloguing and studying in fo rmat ion  on hand. 
study has revealed t h a t  some general in fo rmat ion  i n  processing books 
The 
11 
i s  s lanted away from rather  than toward processinq fo r  contamination 
control .  
Organization o f  ideas r e l a t i v e  t o  experiments i n  product c leaning 
generation o f  contamination, and mater ia ls proper t ies r e l a t i v e  t o  
contamination contro l .  These ideas w i l l  be f irmed up as the 
1 i te ra tu re  study becomes more near ly complete i n  the respect ive 
6. 
, areas o f  concern. 
7. The preparat ion and presentation o f  a qua r te r l y  repo r t  on the 
p r o j e c t  t o  NASA personnel a t  H u n t s v i l l e  on December 13, 1966. 
Preparation of a l i s t  o f  possible t i t l e s  t o  be considered f o r  
the document. 
t ion,  a t  a future meeting w i t h  the NASA Contamination Control Panel. 
Preparation o f  t en ta t i ve  plans for  a j o i n t  NASA/AEC sponsored 
symposium on current  and advanced concepts i n  instrumentat ion and 
automation i n  contamination contro l .  
8. 
Our plans are t o  discuss these, w i t h  our recommenda- 
9 .  
(D) P r inc ip les  o f  Contamination Control Document (NASA Contract W-12324) 
A pre l iminary rouqh d r a f t  was completed i n  ea r l y  December o f  the 
"Pr inc ip les o f  Contamination Control'' document. 
t o  the O f f i c e  o f  Technical U t i l i z a t i o n  and t o  the NASA Contamination Control 
Committee. 
q u a r t e r l y  progress review meeting held a t  Huntsv i l le ,  Alabama, December 13, 
1966. 
It was submitted a t  t h a t  t ime 
A review o f  t he  document was presented t o  NASA a t  a reou la r  
Comments on the document w i l l  be presented January 24 a t  a j o i n t  meetinq 
w i t h  the committee a t  Sandia. A f te r  such comments have been reviewed, a f i n a l  
d r a f t  w i l l  be prepared f o r  submittal t o  NASA on o r  before March 1, 1967. 
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I11 - MISCELLANEOUS 
(A)  Pub1 i cat ions 
1. Sherry, E. J. ,  and Trauth, C. A., " A  Model f o r  Planetary Quarantine 
Requirements ,'I SC-RR-66-588, September 1966. 
2. V. L. Dugan, "Production o f  Low Concentration P a r t i c u l a t e  Aerosols 
by a Sonic Disseminator Technique," SC-RR-67-14, December 1966. 
(€3) NASA Short Course 
The NASA shor t  course "Basic Environmental Microbiology f o r  Engineers" 
a t  Phoenix, Arizona, was attended by V. L. Dugan and A. L. Wyer on December 5-9, 
1966. 
. 
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